Lassa fever is an acute viral hemorrhagic illness; the virus is endemic in West Africa and also of concern with regard to bioterrorism. Transmission of Lassa virus between humans may occur through direct contact with infected blood or bodily secretions. Oral administration of the antiviral drug ribavirin is often considered for postexposure prophylaxis, but no systematically collected data or uniform guidelines exist for this indication. Furthermore, the relatively low secondary attack rates for Lassa fever, the restriction of the area of endemicity to West Africa, and the infrequency of high-risk exposures make it unlikely that controlled prospective efficacy trials will ever be possible. Recommendations for postexposure use of ribavirin can therefore be made only on the basis of a thorough understanding and logical extrapolation of existing data. Here, we review the pertinent issues and propose guidelines based on extensive review of the literature, as well as our experience in this field. We recommend oral ribavirin postexposure prophylaxis for Lassa fever exclusively for definitive high-risk exposures. These guidelines may also serve for exposure to other hemorrhagic fever viruses susceptible to ribavirin.
. Nosocomial transmission and outbreaks have been described in health care facilities in areas of endemicity [4] [5] [6] [7] . Laboratory diagnosis for Lassa fever can be achieved by various methods, including enzyme-linked immunosorbent assay, polymerase chain reaction (PCR), and virus culture, but the reagents and assays are not widely available and do not detect infection during the incubation period [8, 9] .
Ribavirin (1-b-d-ribofuranosyl-1,2,4-triazole-3-carboxamide) is a guanosine analogue with broad-spectrum virustatic activity. The drug has been used, with varying degrees of proven clinical efficacy, for the treatment of Lassa fever and other arenavirus infections (Junin and Machupo viruses), hemorrhagic fever with renal syndrome, Crimean-Congo hemorrhagic fever, hepatitis C, respiratory syncytial virus pneumonia, La Crosse encephalitis, influenza, and adenovirus infection [3, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Various mechanisms of action of ribavirin have been suggested, including direct inhibition of viral RNA-dependent RNA polymerases, inhibition of host inosine monophosphate dehydrogenase, modulation of the host immune response, inhibition of viral capping a Most adverse effects associated with oral ribavirin occur only after prolonged use (weeks to months), although mild decreases in red blood cell counts have been reported after only 10 days of administration, especially in children [28, 29] .
enzymes, and lethal mutagenesis [23] [24] [25] [26] [27] . The specific mechanism of action of ribavirin against Lassa virus has not been investigated. Administration of intravenous ribavirin within the first 6 days of illness has been shown to decrease the mortality of severe Lassa fever from 55% to 5% [10] . Oral ribavirin is also efficacious but less so than the intravenous form [10] . Ribavirin has been associated with a number of adverse effects, although most of them are mild, and all are reversible with cessation or dose reduction of the drug (Table 1) [10, 28, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . Although no deaths from the use of oral ribavirin are known to have occurred, chest pain thought to be due to coronary ischemia exacerbated by anemia has been reported [36] . Ribavirin is teratogenic and embryotoxic in rodents and is therefore contraindicated during pregnancy and while breastfeeding, although the high maternal and fetal mortality associated with Lassa fever during pregnancy may outweigh the risks [10, [40] [41] [42] .
The demonstrated efficacy of intravenous ribavirin for Lassa fever, the communicable nature of Lassa virus, and the inability to diagnose Lassa fever during the incubation period frequently prompt consideration of oral ribavirin for postexposure prophylaxis (PEP), often in a setting of considerable anxiety when health care workers or family members are exposed to persons who subsequently receive a diagnosis of Lassa fever [10, [43] [44] [45] [46] [47] [48] [49] [50] . However, no systematically collected data or uniform guidelines for use, dose, or duration of therapy exist for ribavirin for this indication, causing considerable confusion [29, 31, 45, 48, 50] . Furthermore, the relatively low secondary attack rates of Lassa fever, the restriction of the area of endemicity to West Africa, and the infrequency of imported cases and high-risk exposures in contacts (discussed below in "Mode of transmission and attack rate," in the Literature Review and Pertinent Issues section) make it unlikely that controlled, prospective efficacy trials for ribavirin PEP for Lassa fever will ever be possible. In the absence of efficacy data, recommendations for the use of ribavirin for this indication can be made only on the basis of a thorough understanding and logical extrapolation of existing data. Here, we review the pertinent issues and propose guidelines for the use of ribavirin PEP for Lassa fever based on extensive review of the literature, as well as our considerable experience in this field.
LITERATURE REVIEW AND PERTINENT ISSUES
A decision to use PEP for any given exposure is logically based on a risk-benefit analysis taking into account aspects of the disease (mode of transmission, attack rate, incubation period, pathogenesis, and mortality), the drug (efficacy, adverse effects, ease of administration, and cost), and the patient (willingness or anxiety regarding PEP, premorbid conditions, and concomitant medications). Key elements of these aspects are reviewed below, although many remain poorly characterized for the use of ribavirin PEP for Lassa fever.
Mode of transmission and attack rate. Although aerosol transmission has been postulated, clinical and epidemiological observation during the past 40 years provides convincing evidence that direct exposure to blood or bodily secretions is usually required for transmission of Lassa virus between humans [3, 6] . The secondary attack rate for Lassa fever in nosocomial settings appears to be quite low, as long as adequate barrier nursing are maintained, as is the norm in most industrialized countries [51, 52] . Among 125 imported cases with at least 1500 cumulative identified contacts reported since 1969, only a single putative and asymptomatic instance of secondary transmission of Lassa virus has been noted [31] (A. Sanzone, personal communication).
Incubation period and pathogenesis. The incubation period for Lassa fever is usually ∼10 days, with a range of 3-21 days [3] . The onset is typically insidious and difficult to diagnose by clinical means alone [3, [53] [54] [55] . Macrophages and dendritic cells are the initial targets of infection, followed by hematogenous seeding of a wide variety of cells and organs, along with the production of a host of inflammatory and vasoactive mediators that play a major role in disease [56, 57] .
Mortality. Contrary to public perception, the overall mortality from Lassa fever appears to be low (!5%) [1] . However, mortality data are derived primarily from infections with the Josiah strain or close variants circulating in Sierra Leone, Li-beria, or Guinea [54, 55, [58] [59] [60] . Strains from Nigeria are often considered to be more virulent [53, 61] . Severe and fatal disease may occur with all strains of Lassa virus, but, other than during the third trimester of pregnancy, in which maternal and fetal mortality are elevated, no prognostic indicators are known that would identify, prior to disease onset, patients who will ultimately develop severe Lassa fever and for whom PEP would logically be indicated [41] . Anecdotally, morbidity and mortality seem to be increased in expatriates relative to native Africans (D.G.B., unpublished observation). Whether this represents a genetic difference in susceptibility or the consequence of partial immunity from previous infection in populations indigenous to areas of endemicity is unknown.
Efficacy. Although the drug has frequently been given after potential exposure to Lassa virus, no data exist on the efficacy of ribavirin PEP for Lassa fever in humans, and anecdotal observations are difficult to interpret because of the low attack rate [28, 29, 31] . None of 16 contacts prescribed oral ribavirin PEP (10 mg/kg 4 times a day for 5-8 days) after what was considered high-risk exposure to an imported case of Lassa fever in Germany became sick, although Lassa virus-specific immunoglobulin G (IgG), but not IgM, antibodies were detected in one person who started ribavirin 36 h after exposure [31] . The person had never traveled to an area where Lassa fever is endemic, and no pre-exposure serum sample was available to determine whether seroconversion had occurred. Adherence to the prescribed regimen and adverse effects were not reported.
Studies of ribavirin PEP in animal models of Lassa fever show efficacy, but only intravenous and intramuscular routes of administration have been tested; ribavirin given intravenously (30-50 mg/kg loading dose followed by 10 mg/kg every 8 h) and intramuscularly (50 mg/kg loading dose followed by 10 mg/kg 3 times a day) have been shown to protect nonhuman primates from fatal Lassa fever when started up to 5 days after infection [62] [63] [64] . Protection was enhanced when ribavirin was given in combination with immune serum [63] . Intravenous ribavirin PEP and intramuscular ribavirin PEP have also been shown to be efficacious in nonhuman primate models of Junin virus infection when given up to 6 days after infection [38, 65, 66] . However, the intravenous and intramuscular routes used in these studies produce serum levels of ribavirin significantly above those achieved with the oral administration usually used for PEP.
Extensive pharmacological testing of ribavirin for Lassa fever has not been performed. In cell culture experiments, ribavirin has been reported to have a minimum inhibitory concentration (MIC) for Lassa virus in the range of 4-40 mmol/L. The median inhibitory concentration (IC 50 ), reported either as IC 50 50 for Lassa virus can be achieved relatively easily with intravenous administration, in which single doses of 600-2400 mg produced peak serum concentrations of 47-161 mmol/ L [72] . Ribavirin in patients with Lassa fever produced mean peak serum levels of 32.1-94 mmol/L after 4 days of 4000 mg administered intravenously daily (1000 mg every 6 h) and 68 mmol/L after continued treatment with 500 mg administered intravenously every 8 h for 6 days [68, 73] . In the single study in which the drug's efficacy for treatment of Lassa fever in humans was assessed, the dose of intravenous ribavirin used was a 2-g loading dose, followed by 1 g every 6 h for 4 days, followed by 500 mg every 8 h for 6 days (total course, 10 days) [10] .
Reaching the target MIC or IC 50 with oral ribavirin is less certain. Steady-state levels with oral ribavirin occur only after 2-4 weeks of administration [74] [75] [76] . Despite rapid and extensive absorption in the proximal small bowel, first-pass hepatic metabolism results in an oral bioavailability of ∼50%, with peak plasma levels typically an order of magnitude less than that seen with intravenous administration [72, 77, 78] . Oral administration of single doses of 600-2400 mg produced peak plasma levels of only 5-12 mmol/L [72] . In patients with Lassa fever taking oral ribavirin at 1000 mg/day in 3 divided doses for 10 days, the mean peak plasma concentration was 3.1 mmol/L (range, 1.2-9.6 mmol/L) [68, 73] . These borderline serum levels probably explain the decreased efficacy of oral ribavirin, compared with intravenous ribavirin, for treatment of Lassa fever [10] .
Adverse effects and ease of administration. Adverse effects, either biological or anxiety induced, are frequent with oral ribavirin PEP and often lead to decreased adherence [28, 36] . For example, a host of minor adverse effects was noted in 7 persons given oral ribavirin PEP (600 mg 4 times a day for 10 days) after possible exposure to an imported case of Lassa fever in London in 2000, prompting 2 of the 7 persons to stop taking the drug and another person to decrease the dose [28] . Similar problems were reported after use of ribavirin PEP following an imported case of Lassa fever in South Africa (L. Blumberg, personal communication). Despite the frequency of minor adverse effects, the risks from the short-term administration (7-10 days) required for PEP for Lassa fever appear to be minimal, although special considerations may be required regarding ribavirin use in populations with other comorbid conditions, especially anemia, human immunodeficiency virus (HIV) infection, and renal insufficiency, all of which are more common in West Africa, where Lassa fever is endemic.
Cost. Ribavirin capsules or tablets are available from a va- NOTE. This list was compiled in August 2010 and is not necessarily exhaustive of all manufacturers. Inclusion on the list does not necessarily imply that the drug has been quality controlled and should not be interpreted as a specific recommendation or approval of a particular manufacturer. NA, not available; PEP, postexposure prophylaxis.
a Based on treatment of a 70-kg patient with a regimen of a 35 mg/kg loading dose followed by 15 mg/kg 3 times a day for 10 days.
riety of pharmaceutical companies (primarily in the United States, China, and Switzerland), with the cost of a 200-mg dose ranging from ∼10 cents to 1$12 (Table 2) . Willingness or anxiety regarding PEP, premorbid conditions, and concomitant medications. PEP of any sort is obviously indicated only if the patient is predisposed to adhere to the regimen. Concomitant medications and premorbid conditions, especially those that might limit gut absorption or exacerbate anemia, would be major considerations in withholding PEP.
PROPOSED GUIDELINES
Although the safety and cost profile of ribavirin PEP for Lassa fever are favorable, we believe that the overall data argue against liberal use of the drug for this indication, for the following reasons: (1) the secondary attack rate for Lassa fever in most circumstances is low; (2) the efficacy of ribavirin PEP is unknown; (3) reaching the MIC or IC 50 for Lassa virus is not assured with oral administration at tolerable doses; (4) adverse events are frequent and may pose a challenge to both the patient and the doctor in distinguishing them from the early symptoms of Lassa fever, which typically has an insidious onset; and (5) liberal use of ribavirin PEP might unintentionally encourage clinicians and caretakers to let down their guard regarding infection control practices, believing that infection is not necessarily a serious event, because of the availability of PEP.
We recommend ribavirin PEP for Lassa fever exclusively in the event of a definitive high-risk exposure, defined as 1 of the following: (1) penetration of skin by a contaminated sharp instrument (eg, needlestick injury), (2) contamination of mucous membranes or broken skin with blood or bodily secretions (eg, blood splashing in the eyes or mouth), (3) participation in emergency procedures (eg, resuscitation after cardiac arrest, intubation, or suctioning) without use of appropriate personal protective equipment, and (4) prolonged (ie, for hours) and continuous contact in an enclosed space without use of appropriate personal protective equipment (eg, a health care worker accompanying a patient during medical evacuation). In calculating the risk of infection, clinicians should realize that titers of Lassa virus in blood and bodily secretions correlate with disease severity [10] . The most infectious patients are those with severe clinical conditions, usually late in the course of illness. In all cases, the exposure to the index case must be during the period of acute febrile illness [48] . There is no evidence of Lassa virus transmission during the incubation period or after recovery, with the exception of sexual transmission, in which transmission rarely occurs because of delayed clearance (р3 months after acute infection) of Lassa virus from the gonads [79] .
In the few instances in which ribavirin PEP is indicated, we propose an oral regimen of a 35-mg/kg loading dose (maximum dose, 2.5 g) followed by 15 mg/kg (maximum dose, 1 g) 3 times a day for 10 days. For a 70-kg adult, this translates to an ∼2.4-g loading dose, followed by 1 g taken 3 times a day. This regimen is derived from the standard intravenous dose, taking into account the 50% mean oral bioavailability (which theoretically requires a doubling of the intravenous dose when given orally), with modifications for tolerability and ease of administration. This represents a cumulative maintenance dose of only 54%, compared with the standard intravenous regimen, which may not achieve the target MIC for Lassa virus in all cases. However, considering that mortality in Lassa fever correlates with the viral load, prophylaxis or therapy that lowers the level of viremia could reasonably be presumed to decrease severity, even if disease still occurs [10, 62, 64] . Ribavirin is excreted primarily through the kidneys; therefore, the dose should be decreased in persons known to have significant renal insufficiecy (creatinine clearance, !50 mL/min) [78, 80, 81] .
Although use of intravenous ribavirin for PEP would skirt some of the shortcomings of the oral form, including more reliably achieving the MIC for Lassa virus and avoiding gastric toxicity, this approach comes with its own drawbacks, including more-cumbersome administration, increased hematotoxicity, and significantly increased cost (the mean wholesale price in the United States of a 10-day course of intravenous ribavirin, for which there is no generic form available, is 1$20,000). Given these disadvantages, and again considering the low secondary attack rates, we do not recommend intravenous ribavirin PEP for Lassa fever.
Oral ribavirin should be started immediately after the highrisk exposure, but not before counseling of the patient by the physician. The drug should be taken with food. The patient should be informed that the efficacy of PEP for Lassa fever is unknown and that, although there are no major risks to its use, minor adverse effects often occur. If not already performed, the index case should be tested for Lassa fever, with cessation of ribavirin if the test results are negative.
Patients receiving oral ribavirin PEP who develop manifestations of Lassa fever should also be immediately laboratory tested for Lassa fever by the most sensitive method, usually reverse-transcriptase PCR, and treatment should be switched to the intravenous form unless the disease can be readily excluded [8, 9] . Physicians should be aware of the possibility that ribavirin PEP might prolong the incubation period for Lassa fever but might not completely prevent disease, although this has not been specifically documented for ribavirin PEP for Lassa fever or any other viral illness. The emergence of ribavirinresistant Lassa virus has not been reported.
Although oral regimens similar to that recommended above have been used as treatment for Crimean-Congo hemorrhagic fever virus, with no reported side effects other than mild anemia and thrombocytosis [14, 15] , frequent but generally mild adverse effects should be expected, with particular attention to anemia. Asymptomatic jaundice may develop in patients with Gilbert syndrome. Significant variability in tolerance to ribavirin may be noted, especially in patients with HIV infection, renal insufficiency, or other comorbid conditions [82] . The patient should be seen frequently after exposure and prescription of PEP, with the clinician attuned to adverse events and the potential psychological stress of Lassa virus exposure.
Relative contraindications to ribavirin PEP include severe anemia or hemoglobinopathy, pregnancy and breast-feeding, coronary artery disease, renal insufficiency, decompensated liver disease, and known hypersensitivity [39] . In these cases, the clinician should discuss the risks and benefits with the patient. Baseline hemoglobin and hematocrit levels should be measured, and therapy should be reconsidered if significant anemia is present. The complete blood count and bilirubin level should be rechecked 5-7 days after initiation of the drug, and ribavirin should be stopped or the dose should be adjusted if significant anemia is noted. The physician should be aware that the long terminal halflife (∼24 h) and the large volume of distribution of ribavirin mean that the drug may still have an effect for a time even after cessation, particularly in red blood cells, where it accumulates [72, 76-78, 83, 84] .
We propose specific guidelines for the use of ribavirin PEP for Lassa fever that we hope will be useful for clinicians managing this often difficult and unfamiliar situation. These guidelines may also serve for PEP for the other arenaviruses causing hemorrhagic fever (Junin, Machupo, Guanarito, Sabiá, and Flexal viruses) as well as for Crimean-Congo hemorrhagic fever virus. Although efficacy trials involving humans are likely impossible, studies in nonhuman primates can and should be conducted to confirm the efficacy of oral ribavirin PEP for these diseases. These data could also guide decisions on whether oral ribavirin merits inclusion in the US Strategic National Stockpile. In vitro and in vivo testing should be conducted to assess the efficacy of newer antivirals against arenaviruses and other hemorrhagic fever viruses for consideration in both PEP and treatment regimens. This could include drugs that are already licensed for other indications as well as promising drugs still at the experimental stage.
